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TiiE LOW kjETHOD@ OF UL TRAM iCRC.SCOPE MEASUREMENT OF 1HE PARTICLE

COSCENTRATION CP AEROSOLS AND OTHER DISPERSION SYSTEMS

G. DERIAGIN, Crrtopondini geaber of the Academy of Sciences of tme USSR
and

G. VLASEkKO

Th esjati^; ultrmilcroscopic methods of taking particle counts of weosols
aref otir diai,*rsjn a ' ytems in general have real siiortcooltgs, which give rise to
orrors in v detrumnations, Including a**e of a syetemaiti ture, anO cause much
lost tiao in Gaking observations, particularly shan we are atalln; -;th small particle
concentrat ions.

The Idea of the method of FLOW UL1RkhICIQSC0FY*, as vork,:1 out by ;is, is the
caking of A particle Count in a continvioue @,Itte at o aerosol flowing In a direction
parallel to the line o't eight,** with tds particles tiravorping a zone of illumination
n a set line. If the total obairved Auaer .,f the ilitfe flashes 1;,.h Il *5of viewt

alas by particiles crossing the zone of Illurinatlan is divided by the VolkAgo of thet
aerosol flowing over the field, vc obitskn 1*9 partli* concentration. figure I Is a
diagram of the apparatis -intructed ty oveolvies for this purpose.

res ain aerosol *trees goed
through the iargs pipo a, ky-passIng the
gas cell 9. To give theo gee Cell a pre-
lidinary "wishing Through" d~th the *tost-
aerosol, tho cock I is Closed and the
aerosol stress is channeled liy means of

S tho throe-way cock 2 through the gas ceil

F - i and pipe L,. letire aking the eviurtt,

after flowing totoiih the gas coil,

capiliary tvbe of flow-moter R. Thce

tube It and then through the space c be-
tween the inner tube she the outir cylindrlcAl wail of the cell, The toll Is adeli of
glass, witi% the Inner tube blackened oscapt for an iliuminaition winciow, rhe dark-fielif
illumination is provided %.-,# an sutoeitobile lamp, an sccvaulator-fes IncandesCent1 bulb
with the filament heated somexhat sh~ove normal. The ight from tnis bulb Inkiiisee through
loes P and is focoses on the central part of ihe cell. 1he aerosol particles are 0b-
served as they pass through 'he zone of illum'ination by means of microsceps 11, the tlye-
piece of which Is fitted with a revolving diaphri.gm 0 having a seriea, of opletg rang-
ing in diaeter from 0.1 to 10 in~. After th4 :iao Cell has been "Washed through"' the
fhfA*-0AV cock I Is turned as as to passe sselo stream ioto volume gaouge Jwl and
GiCultsnoousI1 on# starts to coun'l the fleshes olesilrvable in the field or the, microscopio.

T~; .41t__ f 'rma the rooltnt o)f a Certificate of A0tiorship lhct. 3,',,565
issuac I. 4,s rn the iiisi of olur (feclaratiion made on ihe 19th *of .Xv,,n
19 4'1. LT;i refer& to a patsriix, copyright registrat ion. Tr.0

"" P,-tcfs(o~l... .' linonsae stripm is co'Isiderably lost convonisot.



The court It stoppod 0 ther when a certosIn reumb oroffIahabe enrcrdd orI-
Stacit a* hndi14 orUpo asigal ndc~tnqthat a certainl volumes has pases All

thrioS~e N i ase tha conte Is slappes beveVi the volm fueIssut whif has turuing hock

Tvolume wich ham pised thancacuatdcho the ris Ini thesg leve Nbigr'dtofVb the oqi

(Thic paarysthce caseIntor atnso, te caruateo l tiaeruadsrbtn

ratio coefficient a. For liner flow Of the aerosol through 08a6sage t of the Ias 48i:

velocitis over tne Cross section of the passage works out to the for-mule

a -7-(2)

where 0 is the diameter of the inner passage of the gas cell and 4 is the diameter of
the cournt area,.

Let us now consider the precision, reproduCiL~lf~y, sensitivity AnOl perforMIacO
of the apparatus. A fundamental source of error inl tis Piethod Is variations In the

nmeofparticles per given volume. Tis Is a difficulty which It Inheersent anil In-
Jt ovtobloIn all ultramicroscopic methods. The arithmetical sean error thus IntrOduced

Isessurements of the concentration Is eqval to

S0. 8 A' (3)

tnere N Is the number of flashes counted.

To reduce the error &l/n to 9% It 14 7uffilont to take N a 400, which Would
require a four-smaut. count at a counting speeod of about 100 per minute, The cou~nting
speedl say be adjusted to any value we choose; we may change the velocity of aerosol
flow through sicrow.voive N and we may vary the Count area ( either by soans of Ite eye--
place diaphragm or by changing the objectIve). In making counts of portilei concentra-.
tions of the order of 107 cm3 It Is necessary to wee an eye-sloco dlar~oagn opening of
about 0.1 on diameter In conjunction with a lIN or 20% ojoetive and to have a velocity
of the aerosol--flow along the axis of the gas coil not Oreater than I ma/lec. At the
same time :t Is necessary to cut down on the zonen of IlluminatIon by means of an inter-_
posed diaphragm, until the thickness of the said zone Is leos than the focal depth of

* tile microscope, which anounblo a few hundredtht of ;silllotor. U,)dc, thase conditions
we i10oo eliminate the chance of there Wenl more than one particle in tile count area
at any one time. The flashes wiil follow sac other sparately and will be seen against
a dark background. Slice It Is easy to eliminate error In the flash-count N, and @Ince
vt Itsyt discarded the lies of msuring thle count-volume, the Inexact tecilniqu* of the
altior ultramicroscopic methods, and Instogi are measuring the Volume flowing through
the apparatus, which can be easily carried ot with great precision, all sourcest of
error other than the variation In pagrtIcle"dlstrlbutin are of no practical Importance
In comparison. This has boen confirmed In numenrous ottusl counts.



Thus for inovrice up T~fwiT o the value of n for oil fog toen times in su-

cession (with R a 50 f"r each ceint, snd obtaied the following figuyre (Table I).-

PAWU CMCENTRATION iN OiL FOG

Counto

Deviation Oeviation
r ' 5- 3 from mean fro mean,

50cM ex: W2.6Io7 value AA1Alnbalb

An

5C0 .50 7.67 0.26 10.8
2-67 0,90 -0.50 20.7

0 -0.19 7.9
0.026j -74.0 4.1

0 050 1 26 6140.26 10.8
i2672: 67 +.26

5(" o.50 *.6, 2.67 *.sia6 i0o11
50 f :6 2.67 2.?) -.0.18 7.5
50 1 .7 2.6b7 1191 -0.50 20-7

Here we Obln A/n.ion i lat the experimental value of the error, which

In molt ltreAicroocoplc tic 'qies, the most Important advantage of the 'li.
method is the reat sfeving In time in Ithe Ieasureaent of esmall particle Coccentrat lOns,

a fact which will be evident fro 'the fol~owlng calCUatloo.

Let the count volume (count aros 3 multiplied by the thickness h of the ione

of ilingtrion bVisnticel In both tho lestome we are comparlng. With the old

mtthoes, the zovlonts of the cognt volto gre changed approxliately once a second, while
with the floo oethao this change takes place In a tire t, namely the time It takes each
itrcedl p7 t-FF1777 flit across the lomf of Illumination, a tlv* equal to the duration

of in# il~inc6. Experiments show that mj (.an take t n 0.01 second without Interfering

witt the visibility of the flash**. a f ct dhich is In agreement witP the tlnjlngs of

v;6vAl physioogy in the wetter of the seftltivity of the eye to momentary illumination.

Under h ehe circuAstances th* Vlow .A.j d spoeeds up the particle count at least a hundred

times or hi other words perite _s, io ths seat specs O1 time and for the sase variatoneal

erroy-, to, count a particle concentrat iorn %S 14t a hundred times em ;er. Thus a con

entrosta of the order of I cm- May be ,t ily astured in a time of the order of one

inuie,, with a teen error of the order of 2($. Lat us briefly enumerate the funeseental

movontsoe ov in* liow methal in ,e , of particle concentrations, as follows:-

0) A reduction (by 100 times or wore of the time expended In

oaosurino *mall partitk; 'oftnetrat onz; that is, we are

enabled to measure, with the sa* o~Penitur* of time,
particle concentralins of one hvniredth the density or
lose.



(2) The technique of measuring the values of f ow at the aerosol
With a separate volume gIauJe onatles Us t,. -0l0 the Alf-
ficolties &no errors which arise If ws ae under the ilecessitly
of exactly delisijtlng and preCisely detrruning the count

4 v~lums; in particular this technique obvisas~ the I''eteteifla"Q tonos& of vie count-vo'uso causes by secondary ifluoslon.

(3) It Is not necessAry to list and total up a series of roofings.

(4) As compared with the method of counting particles In
physically encloses Vol"#e, the flow Moihod has these ad-
vantages: use of a simpler gas coil, absence of disperses
light from the sufaces enclosing the Co...t-volums, ande ab-
&once of error duo to the settling of aerosol particle* an
thoe surfaces.

() The small volume ftf the Celi and the avoidance of periodical
ioterruptions of The aerosol flow (inevitable with the old
method? preclude error# due to the settling, Coagulatinfl,
condensation, ano evaporation of aerosol particles.

(6) The flow method gets rid of all errors connected with sedi-
oentation and with the Brownian movement, factors which with
tne usual methods and whom Counts *rO being Bade of high
initial concentrations of highly dispersel systems are capable
of introducing quite serious errors.

() There is no need ow hiahft manlficat ion even In the measure-
sent of high concenifstions; thus we do not need such exact
definition and conseqently can be loss particular about
the optical system of thes microscope.

(1) The flow motho reveals a now possibility of fundamental
nature: it may lead to an automatic method for aerosol
Particle counts.

(9) the flexibility of the flow method mesIt eayoto rae
* ~~over a wide scals of concentrations& from ~. r 4.10!dw

AML to I or 2 per cull.

s o(10) The apparatus as constructed by us Is portable and htence may
bs used even under non-I&5,or~tory conditions.

The flg etflj will inevitably fino vey diversified applications In -'nnection
*with a number of ciomtjfic preblems, especially In the study of rapidly occurr )processes

In aor'sols, since it Is possible to measure particle can-
f S contrations in a swiftly flowing strem of the aerosol Is-

mediately after the formation of the latter, or immedlato~y
after It has been acted upon In soes way (for Instance by
an electrss.itic charge). in our labor.i ory In particular.
the j1nLtti.A has been used by 1.li. ARTEKOY* for studying

2the effect a1floreign vapors on aerosol coagul~tion. in
Figure 2 we give a sample coagulation graph (particle volume

-~- as a funotlon of time) showing that the coagulation sPeo.

of oil fog is Independent of the presence of aslei acid vapor
(Coopers black cIrcleto with open clrs.ots)

fill. 2
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